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ABSTRACT

Experiments were devised to determine teacher
effectiveness on the basis of ability to communicate, on the
assumption that no relevant learning will occur if communication is
faulty. A seriss of communication games involved an encoder (teacher)
and decoder (student) to provide tentative answers to the questions:
1) Are there individual differemces in encoding abilities? 2) On what
dimensions do the messages generated vary? 3) How do variations in
encoding influence decodability? 4) What is the effect of feedback
from the decoder? Two groups of materials were used, a wooden board
with holes holding forms of different shape, color, and size and a
crayon, cup, coin, box, pencil, and scissors. Results suggested that:
1) Adults differ substantially in their effectiveness in encoding
even simple messages. 2) Intellectual development is important in
nreparing an informationally adequate message. 3) There is a limit to
the amount of information a child can retain and instructions must be
broken into appropriate lengths if they are to be successfully
handled. 4) The percentage of correct results will increase when the
objects are visible during the period of instruction. 5) If
information is transmitted more slowly, it will be more correctly
interpreted. Two further studies are in progress to test the effects
of feadback and to identify independent variables to account for
success in communication. [Not available in hard copy due to marginal
legibility of original document. ] (MBN)
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Two para[lel concerns in education involve undersfandiné the characteristics
of an effective teacher and the nature of teacher fraining that could.lead to
the develomenT of these characteristics. Whilé this question looks simple;and
accessible cn the surface, it has led o little systematic evidence or theory

that specifies the relationship between the teacher and the teaching procesé. For

"EDO 40146

about 40 ycars educational researchers sought a list of personality traits that
§

could be linked with teaching effectiveness but with little success. The

assump#io;;was usually ﬁade that The experimenter had included fhe wrong list of
traits or that the criteria for evaluation were faﬁiTyin some way. For exampie,
-Anderson and Hunka (1963) affeé surveying the lack of productivity in this areé |
hypo;hesize that the failure to undersTand effectiveness is atiributable to the
persona} bias of Thé observers. Whilé there is some merit to this suggesfidn, it
aégears likely that even with objcc}ive raters, the measuring of teacher

effectiveness would be poor, because raters do not know what to look for. Do ydu

rate whether the teacher sits or $+and§é if he smiles a lot? gestures? uses the i
" bfackboard? The list is indefinifely extensible. Unless you know what to look
' for, the probability is negligible that you Will observe ‘the right things by chance. ;
The question remains, what does one loak'for in attempting to understand
_effeé*ive Teaching? .A v{rfuafly unexamined, and potentially important perspecfiQe

9

“is from the point of view of the communication process. From this perspective,
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the Teacher, as an encoder, has the responsibility of so encoding a mes sage as

to be decodable by the listeners., It is obvious that this decodung may fail to
occur for ény of several reasons. All of the information may not be in the
message. The iﬁformafion may be there, as far as some objective criférion is
concerﬁed, but the encoder may fail to take into account the specif}c infofmé?ional
requlremenfs of the decoder fhrouqh ignorina his uge, background, or frame of
reference. |f the encoded messaqe is faulty in any of these aspects, no relevanf
learning can occur. .

This perspective has an obvious correspondence to the heart .cf the
instructional process in that it focuses on the specific Tpachfng act and not oﬁ :
the FelaTed.or instrumenta! aspects of teaching such as the friendliness or
firméess of The.feacher. Hunt (1267) and Hunt Qnd.ﬂoyce (19u6) have begun a
series of sfudies that relate to this communfcafion function. . They have shown
+ha+ the conceptual level or degree of absrracfness of a teacher is relaTed to his
ability to Y"radiate a wide variety of environments", For example, they found Thaf
in a.communication task There was a great yariabili+9 in fhe degree to which
teacher trainees could Take the Iearner s frame of reference into account. Those
TegCtérs who could adapt Thelr messages to the frame of reference of the listencr
vere also judged, on an independenf basis, as more effective teachers. Gage (1967)
has also initiated some studies on "micrd—Teachfng" that show some promise of
differentiating good from poor feachers. The IimijaTion of'boTh of TheSe approaches
is that no actual measure of the content or interpretability.of the ﬁegsages is
ppsélble. |

I the commﬁnicafion act is a crucial one, it remains to develop a

| .«
satisfactory means by which this progess can be examined and described. Recent

scientific developnments may be combined to provide this means., The first comes
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from information theory which provides a conceptual framework for anaiyzing the
content of messages and the second comes from the experimental techniques of

communication games as they have been used to study the development of social

communicetion in children,

The communication games generally involve two persons, an encoder and a .

@ o e

decoder, who are separated from each other by a screen; the requirement is that

+he ‘encoder so describe a pattern or an object that the decoder can select

S
[

this pattern or object from a set of alternatives.
This task has been used to study fhé development of social communication
in chlldren~(Cowan,.I967; Glucksberg and Klaussf 1967), fhe effect of frequency
of usage on the reference phrase (Krau;s and Yelnheimer, }964), and the effects
of dracfice qn'communicafion skills (Fry, 1966), tThe tasks may be easily

modified and extended for use in studying the teacher-chiid communication process.

The use of this experimental technigue together wlth the conceptual model
of information theory nermits the emplrical study of the encoding process and

the decoding process independently as well as fﬁeir interaction.

-

This first set of experihenfs vas directed to providing tentative answers

‘o the following questions:

[

I. :Are there individual differences in'encoding abiliiles or strategies?
2. Cn what dimensions do the messages aenerated vary?
3. How.do these variations in ‘he encoding influence the decodablility of

the messages?

' ' 4, Vhat is the effect of feedback from the decoder on +he communication

process?
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Method

~ Materials: A six inch vooden form voard with four round recessed holes
/./ ‘

(d = 2") each of vwhich held a wooden form was the subject of the encoder's

descriptions as well as the decoder's constructions. The forms varied on four

binary dimensions:
shape - circle or triangle
size - large (d = 14"), small (d - 3/40)
color. - black, or white

design- a star or arrow was on each form,

Messages could +heréfore t+ake the form of: "Put the small white friangle with the
arrow on it, into the top, left hole of the board." The hessage, therefore,
confaired six bits of information,

Encoding experimenis: In fwo pilot expe}imen+s, Ss were shown a pattern

‘of forms arranged in one form board and they vere asked to describe the pattern
on their board such that another child who was listening could build a pattern
identizal to it on his form board.,

Decoding experiments: E constructed a set of messujes containing

descriptions of such pafTernS which Qere then. tape recorded and played fo
c;ildren in order to determine which (if agy) factors in the encoding influenced
y1he decodability of the message. The first few messages that E generated wore

: only 5 (five) bit messanes and alThougB Théy were played to first graders, vere

found to be so easy that Ss made few errors (875 of the placements were correct),

; The messages were then expanded to 6 bits and the array was covered while the

_child listened and uncovered only after the message was completed.

. ’ .

Aruitoxt provided by Eic:

ERIC ' ‘ . ,
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Aruitoxt provided by Eic:

Feedback experiments: The same "communication games" method was employed

but this time with encoderfdecoder,dYads and a spatial-geometrical task of
greater complexity was the transmitted information, This experiment shall not

be described in the present report.’

Experiment |:

This preliminarf sfud9 (Gaite) was deslaned to indicate variabiiity in
adult encodings -of ; form board message for a hypothetical first grade audience.
The encoders were a heterogeneous adu[f group of experimental and clinical |
psthoiogisfé, research assistants, secretaries and graduate students. These
encodings were tape-recorded and Transcéibed. A casua! inspection of these
tﬁgnserlpfé showed that they variud widely in ihforma?ional adequacy, pre-
sfrucfuring or rapport building, redund%ﬁcy, pauses to allow for the child's
presumed slower processing, and general "}Ilécu+ionary force" or convincingness}
As a summary irdex these messages differed widely in length of recording Tiﬁe,
varyling from |7 seconds fo 4 minutes 40 seconds.

These messages also differed widely in their decodability by young

children. Decodability was defined as the percentage of the correct form-hoard

‘placements in the decoder's performance. By chance alone Ss wouild be expected

to get 507 of the placements correct. For example, the fwo shortest messages

and the two lonqest messaqes were played to - first qrade children. Table |

Insert Table | about here '

L

shows that for these extreme cases, the decodability wa? closely reiated to

length of oencoding.
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I+ wouid be absurd, however, to think that message length per se is the
eritical factor. It suagests rather that adults do differ substantially in
their style and effectiveness of encoding even simple messages for a hypothetical .

audlence. Just what accounted for this variability becomes now a dominant question.

’

Experiment I1:

" One factor that undoubtedly accounts for part of the decodability of a
message is its Informational adequacy. The most obvious hypothesis to account
for this critical difference is the level of intellectual development of the
encoder. In a preliminary study (Marcus gnd Robinson) +o test this factor, |8
children from each of the age leve!=, 3, 6, 9, and |2 attempted to encode a form’
board message (with a maximum of 4 bifg'pf information required for an adequate

description) to an imaginary friend over‘rhe telephone. 'hile there was

considerable difficulty in qgetting the younger children to comprehend the task

requirements, the results as shown in Figure | are clearly as predicted. The

Insert Fiqure | sbout here

mean number of bits of informaffon in the messages of the four age levels changed
from O bits for the Yhree-year-olds, to | bit for the six-year-olds, 1o 2 bits

for the nine~year-olds to 4 bits (the maximum)for the fwolve~year-olds; Thdse

differences are significant (F = 25.4, p<.0l). Although the girls performed

slightly Ge??er-fhan the boys, “this dif}erence did not approach significaﬁce.
.These data indicate that stage of intel lectual debelopmenf is an Important

determinant of ‘the ability to generate an In%ormaTionally adequate messageﬂ They

have independent interest in that this method may be a good index of intel lectual

development; the number of bits they can uiicode in a message may correspond'?o

.
¢

& ToTer mEws = STy




-7 -

the number of independénf items of information they can éimulfaneousl& entertain
conceptually, a hypothesis that may help exglain the nature of conceptual |
&eQelopmenT underlying the acquisition of conéervafion. This development has
frequently been atiributed to decreasing egocen%éism but jf also clearly reflecfs‘
intel!ectual capacity (Cowan, Flavell).‘ Further work would be required.fo show
that the measures obtained by Marcus and Robinson are accurate,

While these preliminary experiﬁen+s are clear in their demonstration of
the fact that there 1s considerable variability. in the encoding abilities and.
practice, we still have not considered what encoders can do to messages to make
. them more decodable. Consider now some of our'preliminary efforts to assess

some of these factors.

OA.'.
. l‘ﬁy'

Experiment 111:

Tﬂé’role informational édequacy in the decodability of a message requires
no-empirical demonstration. This experiment (Pagfiuso and Olson) attempted to
. 8SSess +Be effects of reduhdancy, pre-structuring, pauses for processing and
pace on this decodabllity. 10! Toronto Grade | children served as subjects for
the various parts of this exper iment.
o .The:general method of construction of these tape-recordings involved the
con§+ruc*ion of a basic messane that contained the required information out
which lacked any e!abora?ién. |
. The simplest message recorded at conversaticnal tempo that was
inforéaTionally ade&ha*e but contained no elaborations was designaTé& the fBasic

Message. Alternative tape messages were constructed by splicing in these types

of elaborations, |) pre-structuring - in which Ss'were told the essential fprm
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of the message but without specifying any particular information, 2) redundancy -
each half of the message wassrepeaféd and 3) pauses - after the first 4 bits of
information, then after the next two bits the speaker paused to allow for the
processing by the children. There were numerous illustrations of all three :
forms ‘of elaboration in the otiginai transcripts obfai&ed from adults in
Experiment 1. | |

The strateqy e@ployed was to compare first the Basic Message.*o the one
with all three fypes of elaboration (Fully Elaborated Message). Following this,
If clear-effects were f@und, it was proposéd to examine these forms of
elaboration separaTéJy. As will become clear ip a moment, the effects of these
factors combined was such that the tests for the effects éf the more specific

factors were not carried out.

Procedure
A crayon, cup, coin, box, pencil, and scissors were put out on the table,
The subject entered and was seated facing L. Two warm-up problems were given
by E, then the two probiems on Fape using these simple materials. Any errors
made were pointed out to +he‘§, and then the problem was repeated. The objects
were then cleared from the table.
The form board and wooden pieces were then uncovered. To Ss in the
‘BASIC MESSAGE GROUP, E said:
You see all these pieces here? The tape will
tell you what 1o do. You will have to remembér
because the pleces will be covered up. Remember
which piece and where to put it.

To §s in the ELADORATED MESSAGE GROUP, E said:

You see all these things here? The tape will
.tei! you abott them. Listen.’

©

ERIC

Aruitoxt provided by Eic:
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The.flrsf part of the tape, the pre-structuring or fa;k familiarizafisn was then
played. Ss were then ?old!o |
| ' The tape will tell you what to do. You have

t+o remenber because the pieces will be covered
up. Remember which piece and where to put it. ’

For both groups the pieces and the board were then covered and the first .
probfem played from the +ape recorder, As soon as the message was compieted, the
materials were uncovered and the child chose the form and placea it in one of.
the four spacés (form and placement were recorded by E). Before each of the -
remaining three problems, the S was reminded fo remember the piece and where

. 1t should go. The pieces were covered and uncovered as in Problem |,

-t
e

Results and Discussion: o

L

The children's mean performance on the Basic Message and the Fully

Elaborated Message was almost identical, 707 correct as compared to 71% correct.

From this, it appears that the three forms of elaboration, structuring, redundancy

and pauses were unimportant to thé decodabi!ity of the task.

However, upon closer examination, [t becomes clear that t+he error patferns
for the two groups have altered considerably (see Figure 2). The 70-71¢% error
rates havefbeen produced by quite different performances by +he.children. ;The
factors in the Elaborated Message have Influen .- which "bits" of inforﬁaflon

have been decoded, vhile not affecting the total amount. This analysis of

variance is presenfed’in Table 2. This table shows +ﬁa+ while there is no

-
¢ ]
H

» , Insert Table 2 about here !

| Insert Figure ‘2 about here
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significant difference between the messages, there is a signifieanf differenee
between messege bits (dimeneions) and an interaction between These message
compohenfs and the message type. The nafgre of this imferacfion is illustrated
In Figure 2. The first three bits of information are decoded better in the-Basic
Message, the fourth is at a cross-over point and the last two bits of informafion'
are processed better in the Fully Elaborated Message.
I+ is possible to make some hypofhesis'abouf why these Elaborations fail

to have an overall effecf on “he decodability of the mes%ages. The simplest
one is Thaf these elaborations essentially cancel each other out. This seems.
unllkely in that the Elaborafnonf did have an effecf on several items but not
on the message as a whole. A more compellina hypothesis is that The lack of
an overall effect is a function of The type of materials that have been employed
in this s+udy. The |nforma+10n that the chnld has to store and recall is in the
form of independent, binary blTs that cannot be re-caded into larger
informational "chunks" to use George.Miller's description. The net result of
this is that the informafien Thaf is processed.is a funcfion of the limivations
of short term memory. Since there is a lo& {imit on what they can store and
retrieve (4 to 6 digifs) if one bit is added or inserfed intfo the limited
memory 5pan by such means as stress of repetition or the Elaborations we have
employed here, it enters at the expense of one of the bits already there. Hence,
The number of bits decoded remains constant while the Elaborations in the message
determine which of.fhe eifs are retained in short term memory.

. If in. this ceee it is the child's linited short-term memory %Ba+ puts a
ceiling on the child's decoding of these messages, the teacher encoder's role in
faciiffafing the transmission of messages is obyiously restricted. Presumably

.~ there is nothing the teacher or encoder can do fo increase the number of bits




processed and redalled by the decoder. However, a gocd encoder teacher knows
This' +he teacher's alternative is to so present The information that the child's
Iim|+ed memory span is not exceeded. He does this by breaking the messages into
~components of processable IengTh and then lets the child process one component ;
before proceeding to the nexTuone. Thls_ts-wha+ in fac1 the maJorlfy of our
original adult encodere (Experiment 1) have done, primarily Thropgh their use
of pauses. |

The next step is to verify that this is an appropriate and effective

way to increase the decodability of these messages,

EX§erimeﬁ+ v

The procedure employed in this exper:ncn+ was identical to that employed
with the Elaborafed Message qroups in Experiment [l1, both ir the warm-up
problems and in the tape-recorded messages. The only modificafion was %haf the
array of wooden forms to be placed was left+ uncovered, thle the child listened
to Tﬁe messages. Twenty Ss wecre randomly assfqned Tolfhis Qroup at the same
ffme and from the same population as the Ss in Experiment |11, thus assuring their

comparability to those groups.

<

Procedure:
The form board and pieces were uncovered after the warm-up problems were
completed. S was told:

You see all these things here? The tape
will tell you about them. Listen.

~ The first part of the tape, pre-structuring or task familiarization, was played.

S wvas then fold:
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" The tape willi Twllyyou what to do. Remember
which piece ard where to put it. Don't begin
until | stop the tape. Listen to it first,

t”.

e

S listened to the first problem, then chose the form and placed it. The

remaining three problems were given in the same manner. §'s performance was

recorded. ) ¥

Results and Discussion:

As was predicted, this arrangement permitted an increase” in The'decodabi}iTy

 of the message. vthen the uncovered or visible a{ray of forms was employed,'The

children's performance improved to 89% correct compared to 71% when the array
remained covered (Expariment 111). The summary of the analysus of variance of

these results is presented in Table 3. This table shows that These differences

,o

e
e

B4

Insert Table 3 about here ,

aré signlficant beyond the .0l level .
_ The visible array combined with the EIabofaTed Messaqge permitted the child
+o listen to the first component of the message which was within his memory.
span, process Thfs information and visually snlécf the corresponding form. This
ooerafuon had the effect of empfyunq the short Term memory storage space so that

+he ‘child could then listen to the secaond part of the messaqe and decode it. The

net effect was a substantial increase in The children's success in decoding the

message.

Under some conditions, the child may be able to process the incoming
information at the seme time as he is responding to the earlier components of the

«®
message in a manner similar to that involved in decoding ordinary connected
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transmit more complex information, one speaks more siouwly.

~discourse. This is particularly likely if +he.informa+ion'is presented somewhat

moce/ﬁlowly than ordinary conversation. This is illusirated by the following

simple experiment.

Experiment V:

Jwo 5 bit Baéic Messages were consféucTed whiéh vere informaficna!ly
ldgn?ical but in one- case spoken at a normal conversaTioﬁai tempo (Conversé+ional),
and in the other spoken at a tempo that F }nfqifively Judged as appropriate
for speaki;g such a message ‘o young children (Instructional). Following up
a warmnhp session, these tapes were played to 24 Grade | children, 12 chiidren
per.grodp. |

Their pgrformance in the first case, Coﬁve(saTional Tempo, was 76% correct
vhile Thé performance of the second group, Instructional Tempo, was 875 correct,
a difference significant at the .05 level. From this we conclude that if
information is presented at an apprOpriaTé terpo, procéssing can occur vhile new
information is coming in without making specié! alloWances bf pauses for that
processing. I+ also shows that one can intuitively judge how information should
be presented +6‘+he child. - E formufated no particular pian as to how to deliver
the message to fhe child excepf that the éhilq woula he required to comprehend
and respo;d to the messagé; that in itself was sufficient o modify the
ordinary speech so as to make the message moré comprehénsible by the young chi ld.

This is a reflec%ion of the ordinary observation that when one is attempting to
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Conclusions and Implications:

_»"These preliminary efforts to determine some of the factors that determine
the effectiveness of communication, both in the encoding and the decoding
-phases, have shown that whfie the problem is amenable to empirical investigation,
t+he findings thus far dd‘nof go substantially beyond what one already infuifivgly
vknoﬁs. One limiting facforlin this work has been the tasks employed in the
communicafion‘expérimeﬁfs. While the maferials‘have t+he advantage of being
binary end hence measurable in terms of information theory, they have the
disaannfage t+hat with each material there is Iiffle that an imaginative teacher-
encoder can do with material to make ii more easily comprehended or followed.

Ye feel forced, therefore, to move to more complex material.

. The results thus far have been sﬁfficienfly encouraging to warrent ‘further

studies, two of which are currently in progress. The first of these (Y. Vine)
is an empirical test of fﬁe effects of feedback from the | istener on the encoding
and subsequent decodnnq of a set of messages cowcernlng the drawing of a series
of connected rectangles, a Spaflél-GeomoTrlc task. Preliminary results lndicafe
fhé} the efficiency of the communlcaflon is a direct function of the degree of
feedback permitted (within the narrow range permifted in this experiment) and
;haf the visual and auditory components of the feedback appear to be agditnve.
The other (Olson and Crossan) involves for the first time ap+ua|
eXperlehced teachers communicaffng bo}h the Sﬁafial—GeomeTric messa(es described
above as well as a Verbal List message fo Senior HighiSchodl and to Grade Y
children again in a dyadic situation, with no feedback permj++ed. Ve hdée to
1dentify the generality of encoding.abilify boTh in Térms of d1fferen+'dééoding

L)
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popuiztions and different content (Verbal as opposed tq Geometric), and by means
of a linear regression analysis to identify a set of independent variables, such
-as academic background, teaching experience, intelligence, conceptual level,

lnfelliéence of the decoder, that accounts -for the success of the communication,

(i.e., the decodability of the messages). No analysis éf this data has yet
begun but it appears that most of our teachers are guilty of "over-kill", our

decoders are more bored than frusTraTed.

1
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Table |
Encoding V:ariabilify and Message Decodahility
_ Encoding " * Decoding
Encoder Message Lenqth N Mean § Correct
A 17 sec. : 364 '
| - :

« B , | min, 5 sec, . 697

Y 2 min. 25 sec, B 78%

z 4 min, 40 sec. : 889
. /
LY
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Tablo 27

Analysis of Variance for Correctness

on Direnslons (4 prob/S) for Baslc Added Covered lMessage

and Full Added Covercd Messags

.Source.of Xariation

SS df MS F
Betwezn Subjects 55.47 39 ‘
A (MBSS&QG) c“ 1 11 . 008
S$s wilthin Groups 55,36 38 1.46°
Within Subjects 229,83 200
B (DImension) 25,93 5 - 5.19 5,35%
AB ' 19.21 5  3.84 3,96%
B xS within Groups 184.69 150 297
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Tablo .3 ,
,'Analysls of Varlonce for Corrociness
ovor 4 Probiens for Full Addod Uncovered and
_Full Addod Covorod Massegos (H=20/grp)
" Sourco of Vorlotlon S “df S " F
- Wm o OnCES Ly A AL M LACE I N
¥ Behiaen Kothods \S222,0 .o 3222.0 © 28.26%
‘Exporirontal Greor  4333,7 38 - 114.0
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